A B S R A C T The effect of efferent, parasympathetic stimulation upon pancreatic polypeptide (PP) secretion was studied in three ways: (a) Plasma PP concentrations increased in response to insulin-induced hypoglycemia in both normal subjects, from 11 pM (9.5-12.5) to 136 pM (118-147), n = 8 (median and interquartile range) and in duodenal ulcer patients, from 33 pM (21-52) to 213 pM (157-233), n = 7. The PP response to hypoglycemia was diminished by atropine in normal subjects (P < 
INTRODUCTION
Human pancreatic polypeptide was isolated by Chance et al. as a side fraction during insulin purification (1) . It is a 36 amino acid straight chain polypeptide with no similarity in sequence to any other known hormone. One or two aminoacids distinguish the known mammalian pancreatic polypeptides (PP)l (1), whereas they have only 16 amino acids in common with the avian counterpart (2) .
PP has been localized to secretory granules in a specific endocrine cell type in the pancreas distinct from the A, B, D, and D, cells (3, 4) . PP cells are found both in the islets and in the acinar tissue and duct epithelium. In some species PP cells are numerous in the extra-insular tissue and concentrated towards the duodenal part ofthe pancreas, whereas e.g., in the islets ofthe sheep the PP cells nearly outnumbers the insulin cells (4) .
The action of PP has not yet been established although PP has been shown to affect many gastrointestinal functions (5) . At present it seems likely that PP acts on the exocrine pancreatic tissue as a local regulator of secretion, in a way that may be conceived as an anticholecystokinin and secretin-enhancing action (6, 7) . It has recently been suggested that PP may also affect satiety (8) .
During a meal PP concentrations in plasma increase rapidly (9) (10) (11) (12) (13) . The fool-mediated PP response consists of a rapid primary phase (5-30 min) which is eliminated by truncal vagotomy (10) and a prolonged secondary phase (0.5-6 h) which in man is reduced but not abolished by vagotomy (10) . The present study was undertaken to investigate the effect of efferent parasympathetic stimulation on PP secretion. ' Abbreviationis used in this paper: DU, duodenal ulcer; PP, panereatic poly-peptides; VIP 
RESULTS

Inisulin hypoglycemlia
Durinig insulini hypoglycemia the plasmla concenitrations of PP in the eight normal subjects increased froml 11 pM (9.5-12.5) to a maximum of 136 pM (118-147) at 45 min after the injection of insulin; PP levels were still elevated 180 Basal PP concentrations in the DU patients before the operation were 33 pM (21-52), significantly higher than those of the younger normal group. The PP response pattern to insulin hypoglycemia before the operation was similar to that of the normal group, Fig. 3 . However, the maximal PP concentrations were higher in the DU patients, 213 pM (157-233). After truncal vagotomy basal PP concentrations, 17.5 pMI (9.5-27.0), were lower than preoperative levels (P < 0.05), and not different from the basal PP levels in the normal group. No increase in PP concentrations was observed during insulin hypoglycemia in the DU patients after truncal vagotomy, Fig. 3 (P > 0.10, Friedmann two-way analysis).
Electrical stimulation
Frequency-response studies were carried out in three pigs, Figs. 4 and 5. Half-maximal stimulatory frequency was 2.5, 3.3, and 5.6 Hz, and maximal stimulation was achieved with frequencies of 8, 12, and 12 Hz respectively. Increase in portal plasma PP concentrations could be detected during stimtilatioin with one The isolated, perfused, porcine pancreas Basal output of PP from the isolated pancreas was 2.6 pmol/min (range: 1.4-3.6 pmol/min). Acetylcholine increased the secretion of PP from the isolated pancreas in a dose-dependent manner, Fig. 10 and 11 . The lowest dose tested, 0.05 uM, stimulated the PP secretion in all experiments. Half-maximal effective dose of acetylcholine was 0.19 ,uM (range: 0.07-0.80 ,uM). Maximal output of PP in response to 5 min stimulations was 228 pmol (range: 140-342 pmol). In all experiments the stimulation of PP secretion was abolished by atropine (Fig. 10) .
DISCUSSION
The present study shows that efferent, vagal stimulation releases PP, and that this is probably mainly mediated by acetylcholine. Together with the previously demonstrated poor PP response to food in vagotomized patients (10) these data indicate that vagal, cholinergic stimulation is of major importance for the secretion of PP.
Insulin hypoglycemia. The increase in concentration of PP in plasma during insulin hypoglycemia is similar to the increase observed during a meal (11, 13, 18) . This response is closely correlated to the hypoglycemia (11, 13) . The fact that atropine strongly inhibits the PP response (Fig. 2) indicates that vagal activity and not hypoglycemia per se stimulates the PP cell. Accordingly low glucose concentrations did not enhance the release of PP from the isolated pancreas (unpublished observations). On the other hand the study with atropine dose not prove that the PP response to hypoglycemia is mediated by a peripheral, cholinergic transmission, because atropine might also act on the central nervous system (19) . The total elimination of the PP response to hypo- (22) .
The elimination by hexamethonium of o sponse duiring vagal stimuitilation (Fig. 9) In acttial in-culature (27) and for stimulation of insulin release from the isolated perfused rat pancreas (28 From these three studies taken together it can be argued: that efferent, vagal stimuilation is a potent release mechanism for PP; that the vagal pathway includes a peripheral neurone activated by nicotinic receptors below the diaphragm; and that the final mediator probably mainly is acetylcholine acting on muscarinic receptors.
The importance of efferent, vagal stimulation of the PP secretion in human physiology is illustrated by studies on vagotomized patients. In a prospective study with each patient being his own control we found that truncal vagotomy eliminated the first 15-25 min of the otherwise rapid increase in plasma PP concentrations during a meal, and also significantly reduced the secondary prolonged response.,10). These findings have partly been supported by the results of Adrian et al. (18) and have been confirmed by Taylor et al. (29) . It has been suggested that the elimination by vagotomy of the primary PP response might be due to impaired gastric emptying after the operation (30) . However, the afferent branch of the vagovagal reflex for PP release is activated by (pregastric) classic, cephalic stimulation (31) , and by gastric food-ar d distention-receptors (26) . We therefore conclude that vagal stimulation of the PP secretion is responsible for the rapid, primary increase in plasma PP concentrations during a meal and that it also contributes to the prolonged secondary PP response.
Vagal activity does not seem to influence the basal PP secretion in young normal subjects, because atropine does not suppress their basal PP concentrations (Fig. 2) . However, the elevated PP levels found in some DU patients were normalized by vagotomy (10) (Fig. 3) . The difference between the DU patients and the normal group may yet be due to difference in age because the patients studied were relatively old, and PP levels tend to increase with age (13) . However, fluctuations in PP concentrations and in the basic acid output in DU patients are correlated, and moreover atropine normalizes the elevated PP (Schwartz, Olbe, and Stenquist, unpublished observations). Thus, possibly some DU patients have elevated vagal activity, reflected in increased basal PP concentrations.
